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DYNAMIC MAGNETIC RESONANCE
ANGIOGRAPHY METHOD AND SYSTEM

TECHNICAL FIELD

The present document relates to a dynamic magnetic
resonance angiography, MRA, method and system for visu-
alising a dynamic blood flow through a part of a portion,
without using any contrast agents.

BACKGROUND

Magnetic resonance angiography (MRA) 1s widely used
for 1imaging blood vessels, including arteries and veins,
based on magnetic resonance 1maging (MRI) techniques.
Nowadays, the MR A 1s an important clinical tool for depict-
ing positions, sizes and abundances of blood vessels of
patients, which may be used to evaluate the blood vessels
and to detect vessel abnormalities, such as malformations or
aneurysms.

A typical MRI scanner comprises a large, powertul mag-
net, and can send signals to, e.g., a body portion of a patient.
The returning signals can be detected and converted into
images of the body portion by a computer device. The
images can be obtamned 1in multiple planes (axial, sagittal,
coronal, or oblique) without repositioning the patient.

The MRI techniques are generally based on relaxation
properties of excited hydrogen nucle1 (protons) of an object
under test. When the object to be 1imaged 1s placed in a
powerlul, uniform magnetic field of the MRI scanner, the
spins of the atomic nuclei of water in the object with
non-integer spin numbers within the object all align either
parallel or anti-parallel to the magnetic field. From an MR
acquisition, several physical properties of the object under
test can be determined with an absolute scale. And an 1mage
can be reconstructed based on an acquired magnetic reso-
nance sequence generated with the excitation.

Proton density (PD) refers to a concentration of protons in
a tissue, wherein the protons are the hydrogen nucler that
resonates and gives rise to the nuclear magnetic resonance
signal. Since most visible tissue protons are resident in
water, 1t 1s often seen as looking at a water content. The
proton density PD of a tissue usually refers to the concen-
tration of protons in the tissue, relative to that 1in the same
volume of water at the same temperature.

In order to understand the MRI techniques, it 1s important
to understand the following time constants mvolved 1n the
relaxation processes, which establish equilibrium following,
RF excitation. A nuclear magnetic resonance signal 1is
attenuated due to two simultaneous relaxation processes.
The loss of coherence of the spin system attenuates the
signal with a time constant called a transverse relaxation
time (12). Concurrently, the magnetization vector slowly
relaxes towards 1ts equilibrium ornentation that 1s parallel to
the magnetic field by a time constant called longitudinal
relaxation time (11). A longitudinal relaxation rate R1 1s a
reciprocal of the longitudinal relaxation time T1 (R1=1/T1).
A transverse relaxation rate R2 1s a reciprocal of the trans-
verse relaxation time 12 (R2=1/12). The relaxation times T1
and T2 are typically measured 1in milliseconds (ms) or
seconds (s). The corresponding relaxation rates R1 and R2
are therefore measured in units of ms™" or s™".

Normally, an acquired MRI sequence can result 1n 1images
of the same anatomical section under different contrasts,
such as T1, T2, and PD weighted images. The MRI tech-
niques relies on differences in relaxation properties and
proton density of the imaged tissue to display the diflerent
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tissues with contrast, e.g., in different signal intensities or
different colours, in the resulted MRI 1mages. The contrast

in MR 1mages originates from the fact that different tissues
have, 1n general, diflerent R1 and R2 relaxation rates, and
different PD. For example, Warntjes et al. Magn Reson Med.
2008; 60:320-9 teaches that these physical properties, e.g.,
R1 and R2 relaxation rates and PD, can be acquired by
performing a single MR acquisition, to provide quantitative
values of the imaged portion.

Time-of-tlight (TOF) MRA 1s one of the most well-known
method for obtaining MRA 1mages, which 1s described 1n,
¢.g., Raoult et al. Radiology. 2014; volume 271:524-533. In
short, stationary tissues of an 1imaged portion of a body, 1.e.
the 1maged volume, become magnetically saturated by mul-
tiple repetitive RF-pulses that drive down their steady-state
magnetization levels. Then, the “fresh” blood which has not
experienced these RF-pulses, also known as unsaturated
blood, flowing into the imaged portion, would have a higher
initial magnetization comparing to the stationary tissues of
the 1maged portion. Thus, the signals representing the
inflowing blood would appear “brighter” compared to 1its
surrounding tissues of the imaged portion in the resulted
MRA 1mage. However, conventional MRA provides 1nad-
equate visualisation of the dynamic features (e.g., velocities,
flow direction, turbulence) of blood tlows.

With administration of contrast agents, ¢.g., gadolinium-
based contrast agents which can shorten the T1 relaxation
time of blood and render blood vessels bright in the MRA
images, dynamic features of blood flows can also be
observed with the MRI technologies. Such dynamic MRA
images can be generated by performing e.g., a rapid suc-
cession of i1dentical MR acquisitions.

However, adverse reactions, e.g., allergies, ranging from
mild to severe caused by administration of contrast agents
do occur.

Thus, there 1s a need to provide a method and system for
providing a visualisation of the dynamic features of blood
flows without administration of any contrast agents.

SUMMARY

It 1s an object of the present disclosure, to provide a new
dynamic magnetic resonance angiography method and sys-
tem for visualising a dynamic blood tlow through a part of
an 1maged portion, which eliminates or alleviates at least
some of the disadvantages of the prior art.

The invention 1s defined by the appended independent
claims. Embodiments are set forth 1n the appended depen-
dent claims, and in the following description and drawings.

According to a first aspect, there 1s provided a dynamic
magnetic resonance angiography, MRA, method, compris-
ing: acquiring, by an MR scanming device, a multi-contrast
magnetic resonance, MR, sequence of a portion of a body;
identifving, by a processing circuit, blood vessels of the
portion by 1dentifying blood of the portion based on prede-
termined characteristic of blood and the multi-contrast MR
sequence; generating, by the processing circuit, a first MRA
image frame and a second MRA 1mage {frame, based on the
multi-contrast MR sequence, respectively visualising a first
part and a second part of the identified blood vessels;
generating, by the processing circuit, a dynamic MRA image
for visualising a dynamic blood flow through a part of the
portion, based on the first and second MRA 1mage frame.

The dynamic blood flowing through a part of the portion
may be visualised based on a single multi-contrast MR
acquisition, without administration of any contrast agents.
Thus, the safety of the patients can be improved by reducing
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the risks of adverse reactions caused by the administration of
contrast agents. The time of measurement can be reduced as
only a single multi-contrast MR acquisition 1s needed for
generating the dynamic MRA 1image.

The multi-contrast MR sequence refers to a MR sequence
acquired by performing a multi-contrast MR acquisition.
The multi-contrast MR sequence may be acquired by a
single multi-contrast MR acquisition, which may acquire
information of the imaged portion for generating multiple
MRI 1mages with particular appearances. Consequently, a
plurality of multi-contrast images may be resulted from the
single multi-contrast MR acquisition.

For examples, the multi-contrast MR sequences may be
an 1nversion-delay Gradient-Echo (GE) acquisition or a
multi-echo Fast-Spin Echo (FSE) acquisition. In an iver-
sion-delay GE acquisition, the magnetization of the spins 1s
inverted and subsequently measured using a continuous,
small flip-angle read-out. The continuous measurement 1s
usually split into several consecutive images, with an
increasing delay time per image. The signal intensities in
these 1mages will be a function of R1 relaxation rate of the
tissues. The multi-echo FSE acquisition 1s a single acquisi-
tion that can generate 1mages at various echo times. The

signal intensities in these 1mages will be a function of R2
relaxation rate of the tissues.

Different techniques may be combined such that the
multi-contrast MR sequence, e.g., a QALAS sequence
described 1n Kvernby et al, Journal of Cardiovascular
Magnetic Resonance. 2014 Dec. 20, 16:102, may generate
images ol signal intensities affected by both R1 and R2
relaxation rate.

The method may further comprise: generating a plurality
of multi-contrast 1images based on the multi-contrast MR
sequence; 1dentifying the blood vessels of the portion by
identifying the blood of the portion based on the predeter-
mined characteristic of blood and the plurality of multi-
contrast 1mages; wherein the multi-contrast MR sequence
comprises quantification information of the portion; wherein
the quantification information of the portion comprises a
longitudinal relaxation rate R1, and a transverse relaxation
rate R2; and wherein the predetermined characteristic of
blood comprises: a value of a longitudinal relaxation rate R1
of blood, and a value of a transverse relaxation rate R2 of
blood.

The step of acquiring the multi-contrast MR sequence and
the step of generating the plurality of multi-contrast images
may be one step instead of two. It 1s common that a MR
scanner may perform an acquisition and result 1in a plurality
of 1mages with different contrasts.

The step of identifying blood vessels may comprise:
calculating quantification values of each voxel of a plurality
of voxels representing the portion, based on the plurality of
multi-contrast images; wherein each voxel of the plurality of
voxels corresponds to a volume of the portion, and wherein
the quantification values comprise: a value of a longitudinal
relaxation rate R1 and a value of a transverse relaxation rate
R2; selecting a first group of voxels of the plurality of voxels
representing the identified blood vessels, by comparing the
quantification values of each voxel with the predetermined
characteristic of blood.

The quantification values for each voxel, including the
R1, R2 and even PD, may be calculated in different known
ways. For example, the R1 and R2 values may be calculated
by generating R1 and R2 maps, respectively. When the
quantification values comprise additional parameters, e.g., a
PD value, additional maps, e.g., a PD map, may be gener-
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4

ated. The R1, R2 and PD maps describe the signal behaviour
of the multi-contrast images resulted from the multi-contrast
MR sequence.

At least two multi-contrast images are needed for gener-
ating each of the above-mentioned maps. Thus, a plurality of
multi-contrast images 1s needed to generate the R1, R2 and
PD maps.

A voxel 1s a volume element, used to represent a tiny
three-dimensional (3D) portion 1n a 3D volume. Voxels are
frequently used 1n the visualization and analysis of medical
3D images. Here, each voxel represents a corresponding tiny
volume of the imaged portion. Thus, each voxel has a
plurality of quantification values, e.g., R1 and R2, repre-
senting characteristics of the tissues of the corresponding
tiny volume of the imaged portion.

A pixel 1s an element, used to represent a tiny 2D portion
in a 2D 1mage. The 3D imaged portion may be sliced into a
stack of slices each having a thickness. A voxel may be
considered to correspond to a pixel for a given slice thick-
ness. In other words, a voxel can be considered as a
volumetric pixel for the given slice thickness. Thus, a 3D
image may be converted into a series of 2D 1mages. Con-
sequently, the 3D voxels may be converted into a series of
2D pixels.

These quantification values of the voxel may be used to
determine the tissues of the tiny volume represented by the
voxel. If the quantification values of a voxel, e.g., R1 and
R2, equal to the predetermined R1 and R2 values of blood,
respectively, or fall within the range of the predetermined R1
and R2 wvalues of blood, respectively, this voxel can be
identified as a part of the blood or blood vessels. Conse-
quently, the tiny volume of the imaged portion represented
by this voxel can also be 1dentified as a part of the blood or
the blood vessels.

The step of generating a first MRA 1mage frame may
comprise: determining a first group of values corresponding
to the first part of the 1dentified blood vessel to be visualised
in the first MRA 1mage frame, wherein the first group of
values comprise a value of longitudinal relaxation rate R1
and a value of transverse relaxation rate R2; selecting a
second group of voxels of the plurality of voxels represent-
ing the first part of the 1dentified blood vessel by comparing

the quantification values of each voxel with the first groups
of values; generating the first MRA 1mage frame visualising
the first part of the i1dentified blood vessels, based on the
second group of voxels.

The MRA 1mmage frame can be generated by a masking
step. Masking technique 1s known for separating a part of an
image from its surroundings in the image based on certain
criteria.

The masking step may comprise creating a mask which
covers a part of the 1mage based on the criteria, and treating
this part and 1ts surroundings in the 1image diflerently.

For example, the values of the relaxation rates R1 and R2
can be used as criteria to separate the first part of the
identified blood vessels from 1ts surrounding tissues. Then
the selected second group of voxels may be “masked” and
treated differently from other voxels.

The masked voxels and the unmasked voxels can be
treated diflerently 1n many different ways, such as changing
the brightness and/or the colour of the voxels. For example,
the MRA image frame may be generated by keeping the
brightness of the masked voxels, 1.e. the selected second
group ol voxels, unchanged, while suppressing the bright-
ness of the other voxels. Alternatively, the MRA image
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frame may be generated by increasing the brightness of the
masked voxels, while keeping the brightness of the other
voxels unchanged.

The quantification information of the portion may com-
prise a Proton Density, PD; wherein the predetermined
characteristic of blood comprises: a value of a PD of blood;
preferably the value of the PD of blood 1s 1n a range of
90%-140%, more preferably 1n a range of 92%-120%, most
preferably 1n a range of 95%-100%.

Since the blood 1s similar to pure water, the value of the
PD of blood 1s typical 95%-100%.

However, inflow of “fresh” blood comprising unsaturated
spins into the 1maged portion may lead to a higher signal
intensity than expected. This may result n a PD values
higher than 100%.

The quantification values of each voxel may comprise: a
value of a PD.

The first group of values may comprise: a value of a PD.

By comparing the quantification values of a voxel with
the predetermined values of R1 and R2 of blood, it 1s
possible to identily the blood vessels from other tissues.
Additionally, by comparing also the PD value of each voxel
with the predetermined PD value of blood, a more accurate
identification of the blood or blood vessels can be achieved.

The step of identifying blood vessels may comprise:
selecting a part of the multi-contrast MR sequence repre-
senting the 1dentified blood vessels, based on the predeter-
mined characteristic of blood; wherein the predetermined
characteristic of blood comprises: a representation of a
signal intensity of blood.

Alternatively, 1t 1s possible to recognise blood directly
from the raw data, 1.e. the multi-contrast MR sequence,
without analysing the plurality of multi-contrast images. The
acquired multi-contrast MR sequence has already defined
the characteristics of different tissues, including the blood, in
terms of signal behaviours of the plurality of multi-contrast
images, €.g., signal itensities in the images. For example,
one tissue may be bright 1n one 1mage, and it may be dark
in another image. The quantification mmformation, e.g., R1,
R2 and PD, 1s merely an objective description of the signal
behaviours in the images. Therelfore, 1t 1s not necessary to
generate the plurality of multi-contrast images and calculate
the quantification values for identitying the blood vessels of
the portion, as the multi-contrast MR sequence 1tself simply
comprises all the imformation of the plurality of multi-
contrast 1mages.

Based on an adequate information of the expected signal
intensity ol blood, 1t 1s possible to select the part of the
multi-contrast MR sequence representing the identified
blood vessels directly, without analysing the multi-contrast
1mages.

The step of generating a first MRA 1mage frame may
comprise: selecting a first group of data of the selected part
of the multi-contrast MR sequence corresponding to the first
part of the 1dentified blood vessel; generating the first MR A
image frame visualising the first part of the identified blood
vessels, based on the multi-contrast MR sequence and the
first group of data.

The step of generating a first and a second MRA 1mage
frame may comprise: visualising the first MR A image frame
and the second MRA image frame, by a Maximum Intensity
Projection, MIP.

The step of generating a first and a second MRA 1mage
frame may comprise visualising the first MRA 1mage frame
and the second MRA 1mage frame, by a Minimum Intensity
Projection, MinlIP.
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Even though the MRA image frame may visualise 3D
slices that contain the entire identified blood vessels of
interest, 1t 1s more common to display the 3D information on
a 2D display, such as a computer monitor, by a Maximum
Intensity Projection (MIP) or a Minimum Intensity Projec-
tion (MinIP). A 2D mmage of a selected volume may be
generated where each pixel 1s represented by displaying the
maximum or minimum intensity in each voxel.

MIP 1s a method for visualising 3D data that projects 1n
a visualisation plane the voxels with a maximum intensity.
In other words, projection lines are projected over a plane
through a portion of a body, and the maximum intensity of
cach projection line 1s 1dentified and visualised.

MinlIP 1s a method for visualising 3D data that projects 1n
a visualisation plane the voxels with a minimum 1ntensity.
Consequently, MinlP imaging can visualise structures with
a low intensity 1 an imaged volume. In other words, the
MinlIP projection lines are projected over a plane through a
portion of a body, and the minimum intensity of each
projection line 1s 1dentified and visualised.

By MIP imaging, the resulting MRA images resemble
conventional catheter angiography 1mages. That 1s, the 1den-
tified blood vessels look brighter (e.g., 1n white colour) and
other tissues look darker (e.g., 1n black colour) in the
resulted MRA 1mage.

By MinIP imaging, the resulting MRA 1mages appear as
reversed 1mages of the resulting MRA images. That 1s, the
identified blood vessels look darker (e.g., 1n black colour),
and other tissues look brighter (e.g., 1n white colour) in the
resulted MRA 1mage.

The step of generating a first and a second MRA 1mage
frame may comprise: generating a synthetic MR image
representing the portion based on the multi-contrast MR
sequence, as a static background image of the dynamic
MRA 1mage; generatmg the dynamic MRA 1mage based on
the first, the second MRA 1mage frame, and the synthetic
MR 1mage.

The synthetic MR 1mage may be generated based on the,
e.g., the same R1, R2 and PD maps using signal calculation
of the image 1ntensity based on the R1, R2 and PD values of
the voxels. The concept of synthetic MR 1maging 1s well-
known 1n the field, see e.g. “Cerebral Magnetic Resonance
Image Synthesis”, Bobman et al. Am J NeuroRadiol 1985;
6:265-269.

The synthetic MR 1mage may function as a static back-
ground reference 1mage illustrating the whole 1maged por-
tion, ¢.g., the head and/or the neck.

Thus, comparing to a traditional MRA 1mage having a
black background wherein only the 1dentified blood vessels
are visible, the synthetic MR image may present a better
anatomical image, which can facilitate the recognition of the
relative positions and sizes of the 1dentified blood vessels.

The identified blood vessels can be eirther added or
subtracted from the synthetic MR 1mage, resulting in either
bright or dark blood vessels in the dynamic MRA 1mage,
respectively.

One example of the synthetic MR i1mage may be a
synthetic T1 relaxation time weighted, T1W, image.

The first part and the second part of the 1dentified blood
vessels may be at least partially overlapping or nonoverlap-
ping.

The first part of the identified blood vessels may comprise
carly intlow arteries of the i1dentified blood vessels, and the
second part of the identified blood vessels comprises late
inflow arteries of the i1dentified blood vessels.

The early and late inflow arteries of the i1dentified blood
vessels respectively refer to the part of the arteries of the
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imaged portion which the blood intlows earlier and the part
of the arteries of the imaged portion which the blood intlows
later. That 1s, the unsaturated “fresh” blood tlows through the
carly inflow arteries firstly, and then flows through the late
inflow arteries of the imaged portion.

Since the measured values of R1 and R2 of the blood are
different when 1t 1s 1n the early intlow arteries and when 1t
1s 1n the late intlow arteries, 1t 1s possible to separate the
carly and late inflow arteries of the 1dentified blood vessels,
such that a dynamic blood flow from the early inflow arteries
to the late intflow arteries can be visualised by a single
multi-contrast MR acquisition.

The first part of the 1identified blood vessels may comprise
arteries of the identified blood vessels.

The second part of the identified blood vessels may

comprise all the identified blood vessels, or veins of the
identified blood vessels.

The dynamic MRA 1mage may consecutively display the
first and second MRA i1mage frame.

A dynamic image may be generated based on a plurality
of frames 1n many different ways.

For example, since both the first and second MRA 1mage
frame are generated based on the same multi-contrast MR
sequence, the major differences between these two MRA
image Iframes should be the first and second part of the
identified blood vessels they respectively visualise. By con-
secutively displaying the first and second MRA 1mage, the
dynamic MRA 1image may appear as a dynamic image, or as
a short video clip, to visualise the dynamic blood flow from
the first to the second part of the 1identified blood vessels, or
vICEe versa.

At least a first portion of the first MRA 1image frame and
a second portion of the second MRA image frame may be
displayed in different colours or diflerent brightnesses.

The method may further comprise: generating at least a
third MR A 1mage frame visualising at least a third part of the
identified blood vessels; generating the dynamic MRA
image based on the first, second and at least the third MRA
image frame, wherein the first part, second part and at least
the third part of the identified blood vessels are at least
partially overlapping or nonoverlapping.

The second, third, and any number of additional MRA
image frames may be generated 1n a similar way as the first
MRA 1mage frame. The visualisation of the dynamic blood
flow may be achieved by displaying a rapid succession of
sequential MRA 1mage frames.

A serial of MRA 1mage frames each covering a small part
of the identified blood vessels may visualise the dynamic
teatures of blood flows with an 1improved accuracy. This
may facilitate the analysis of the blood vessels.

The value of the longitudinal relaxation rate R1 of blood
may be in a range of 0.4-0.6 s™"; and the value of transverse
relaxation rate R2 of blood may be in a range of 20-30 s™*.

The portion of the body may comprise a head and/or a
neck.

Each voxel of the plurality of voxels may have an
intensity value, wherein the method may further comprise:
calculating a perfusion value by summing the intensity value
ol each voxel of the first group of voxels.

The term “intensity”™, also known as “‘signal intensity™, in
the field of MR refers to a shade of grey of a tissue or of a
voxel representing the tissue in an MRI 1mage. Generally, a
high intensity means 1t would look “white” in the MRI
image, an itermediate intensity means 1t would look “grey”™
in the MRI 1mage, and a low 1ntensity means it would look

“black” 1n the MRI 1image.
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A perfusion 1s known as a delivery of blood to a capillary
system 1n a tissue. The perfusion 1s normally measured as a
rate at which the blood 1s delivered to the tissue at a unit of
m>/(s'kg). Thus, the perfusion is important for assessing a
patient’s condition, €.g., in case of strokes, plaques or vessel
constrictions.

The sum of the intensities of the voxels representing the
identified blood vessels 1s proportional to a total amount of
blood that entered the imaged portion during acquisition.
Thus, the sum of the intensities, 1.e. the calculated perfusion
value, may be considered as a measure for perfusion of the
patient. The higher the calculated perfusion value, the higher
the perfusion. The lower the calculated perfusion value, the
lower the perfusion.

It 1s advantageous to provide an estimation of the perfu-
sion based on the multi-contrast MR sequence.

Each voxel of the plurality of voxels may have an
intensity value, wherein the method may further comprise:
calculating a first sum by summing intensity values of
voxels of the plurality of voxels representing the first part of
the 1dentified blood vessels; calculating a second sum by
summing 1ntensity values of voxels of the plurality of voxels
representing the second part of the 1dentified blood vessels;
calculating a rate of change of the first sum and second sum
as a measure of a mean transit time of blood through the
portion of the body.

Mean Transit Time (MU) of blood 1s known as an average
time, normally 1n seconds, that the blood spends within a
determinate volume of capillary circulation.

Since the sum of the intensities of a part of the identified
blood vessels 1s proportional to a total amount of blood that
entered this part, a rate of change of the sums over the
different parts of the blood vessels may indicate how fast the
blood enters and/or leaves the imaged portion. Thus, the rate
of change of the sums may be considered to be proportional
to the mean transit time. The faster the sum increases, the
shorter the mean transit time. The slower the sum increases,
the longer the mean transit time.

It 1s advantageous to provide an estimation of the mean
transit time based on the multi-contrast MR sequence.

According to a second aspect, there 1s provided a dynamic
magnetic resonance angiography, MRA, system, compris-
ing: an MR scanning device configured to: acquire a multi-
contrast magnetic resonance, MR, sequence of a portion of
a body; and a processing circuit configured to: identity blood
vessels of the portion by identifying blood of the portion
based on predetermined characteristic of blood and the
multi-contrast MR sequence; generate a first MRA 1mage
frame and a second MRA image Irame, based on the
multi-contrast MR sequence, respectively visualising a first
part and a second part of the identified blood vessels;
generate a dynamic MRA 1mage for visualising a dynamic
blood flow through a part of the portion, based on the first
and second MRA 1mage frame.

The system may further comprise a user interface con-
figured to display the dynamic MRA image.

According to a third aspect, there i1s provided a non-
transitory computer readable recording medium having
computer readable program code recorded thereon which
when executed on a device having processing capability 1s
configured to perform the method of the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plot showing R1 and R2 relaxation rate of
blood.
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FIG. 2a-2¢ illustrate three MRA 1mage frames of a
dynamic MRA image.

FIG. 3a-3c¢ illustrate three MRA 1mage frames of a
dynamic MRA image. FIG. 4a-4c¢ illustrate three MRA
image frames of a dynamic MRA image.

FIG. 3a-5¢ illustrate three MRA 1mage frames of a
dynamic MRA 1mage.

FIG. 6a-6¢ 1illustrate three MRA 1mage frames of a
dynamic MRA image.

FIG. 7 1s an example of a schematic block diagram of a
dynamic MRA system.

DESCRIPTION OF EMBODIMENTS

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which currently preferred embodiments of the invention are
shown.

In connection with FIG. 7, the dynamic MRA system 1
will be discussed 1n more detail. The dynamic MRA system
1 comprises an MR scanning device 2 and a processing
circuit 3.

The MR scanning device 2 1s configured to acquire a
multi-contrast MR sequence of a portion of a body. The
multi-contrast MR sequence may comprise quantification
information of the portion, which may include a longitudinal
relaxation rate R1, and a transverse relaxation rate R2, of
tissues of the portion.

The processing circuit 3 1s configured to carry out overall
control of functions and operations of the dynamic MRA
system 1. The processing circuit 3 may include a processor,
such as a central processing unit (CPU), microcontroller, or
microprocessor. The dynamic MRA system 1 may comprise
a memory. The processing circuit 3 may be configured to
execute program codes stored 1in the memory, 1n order to
carry out functions and operations of the dynamic MRA
system 1.

The memory may be one or more of a bufler, a flash
memory, a hard drive, a removable medium, a volatile
memory, a non-volatile memory, a random access memory
(RAM), or another suitable device. In a typical arrangement,
the memory may include a non-volatile memory for long
term data storage and a volatile memory that functions as
system memory for the dynamic MRA system 1. The
memory may exchange data with the processing circuit over
a data bus. Accompanying control lines and an address bus
between the memory and the processing circuit also may be
present.

Functions and operations of the dynamic MRA system 1
may be embodied 1n the form of executable logic routines
(e.g., lines of code, software programs, etc.) that are stored
on a non-transitory computer readable medium (e.g., the
memory) of the dynamic MRA system 1 and are executed by
the processing circuit 3. Furthermore, the functions and
operations of the dynamic MRA system 1 may be a stand-
alone software application or form a part of a software
application that carries out additional tasks related to the
dynamic MRA system 1. The described functions and opera-
tions may be considered a method that the corresponding
device 1s configured to carry out. Also, while the described
functions and operations may be implemented 1n software,
such functionality may as well be carried out via dedicated
hardware or firmware, or some combination of hardware,
firmware and/or software.

The dynamic MRA system 1 may comprise a user inter-
tace 4. The user interface 4 may be configured to output data
and mformation, e.g., the dynamic MRA image for visual-
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1sing a dynamic blood flow through a part of the portion,
and/or the first and second MRA image frame. The user
interface 4 may be configured to receive data and informa-
tion, such as a command, from one or several input devices.
The mput device may be a computer mouse, a keyboard, a
track ball, a touch screen, or any other input device. The user
interface 4 may send the received data and information to the
processing circuit 3 for further processing.

In connection with FIG. 1, the R1 and R2 relaxation rate
for the blood will be discussed 1n more detail.

It 1s known that blood has its own characteristics. For
example, blood has a specific range of R1, R2 and PD
values. R1 of the blood is typical 0.4-0.6 s, R2 of the blood
is typical 20-30 s™*. PD of the blood is similar to pure water,
which 1s typical 95%-100%. However, inflow of “fresh”
blood comprising unsaturated spins into the 1imaged portion
may lead to a higher signal intensity than expected. This may
result 1n PD values higher than 100%, e.g., 140%.

Thus, by using these known characteristics of blood, e.g.,
a combination of R1 and R2 of the blood, or preferably a
combination of R1, R2 and PD of the blood, 1t 1s possible to
separate the blood of the imaged portion from other tissues.
Consequently, the blood vessels that the blood tflows through
can also be 1dentified.

The x-axis of FIG. 1 is the R1 relaxation rate (s™*), and the
y-axis of FIG. 1 is the R2 relaxation rate (s™'). The grey
arcas of FIG. 1 comprise combinations of R1, R2 values,
which may be used to separate the blood vessels from 1its
surrounding tissues.

Continuous addition of unsaturated magnetization, 1.e.
“fresh” blood flowing 1nto the imaged portion, will aflect the
signal intensity of each of the measurement points of the
acquired MR sequence, disturbing the observation in com-
parison to a static situation, 1.e. when there 1s no inflow of
blood into the imaged portion. That 1s, inflow of “ifresh”
blood into the imaged portion of body during acquiring one
multi-contrast MR sequence will cause changes of the
observed R1, R2 and PD wvalues.

For example, for a multi-echo MR acquisition, typically
the signal 1ntensity decreases as a function of an echo time.
The reduced signal intensity can be expressed as an R2
relaxation rate, wherein a faster decrease corresponds to a
higher R2 value. The inflow of blood, however, will cause
a relative increasement of signal intensity at later echo times,
resulting in an apparently lower R2 relaxation rate.

Similarly, signal increasement after an inversion pulse can
be expressed as an R1 relaxation rate, wheremn a faster
increasement corresponds to a higher R1 value. The intlow
of blood shortly after the mversion pulse will result 1n an
carly rise of signal intensity, causing an apparently higher
R1 relaxation rate. While the inflow of blood at some time
alter the 1nversion pulse will result in a later rise of signal
intensity, causing an apparently lower R1 relaxation rate. In
both cases the PD will be higher owing to the additional
signal intensity.

Consequently, the R1 and R2 values alone can be used to
separate the blood of the arteries from the blood of the veins,
and even the early inflow blood from the late intlow blood
of the arteries. Consequently, the early and late inflow
arteries ol the imaged portion may be saparated. Together
with PD values, a more accurate identification may be
achieved.

The early and late inflow arteries of the i1dentified blood
vessels respectively refer to the part of the arteries of the
imaged portion which the blood inflows earlier and the part
of the arteries of the imaged portion which the blood intlows
later. That 1s, the unsaturated “fresh” blood tlows through the
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carly iflow arteries firstly, and then flows through the late
inflow arteries of the imaged portion.

Since the measured values of R1 and R2 of the blood are
different when 1t 1s 1n the early inflow arteries and when 1t
1s 1n the late inflow arteries, 1t 1s possible to separate the
carly and late inflow arteries of the 1dentified blood vessels,
such that a dynamic blood flow from the early inflow arteries
to the late inflow arteries can be visualised based on a single
multi-contrast MR acquisition.

Further, due to the intrinsic differences between the blood
flowing within arteries and veins, e.g., different blood oxy-
gen levels, and different blood flow velocities, the blood
flowing within arteries and veins has different R1 and R2
values. Thus, 1t 1s possible to separate arteries and veins
based on the R1 and R2 values.

The combinations of R1 and R2 values of the blood of the
carly inflow arteries are at a igh R1/low R2 end in FIG. 1.
The combinations of R1 and R2 values of the blood of the
late inflow arteries are at a low R1/high R2 end 1n FIG. 1

The blood of the veins has similar R2 values to the blood
of the late inflow arteries, but has larger R1 values than the
blood of the late intlow arteries in FIG. 1.

The relative changes of R1, R2 and PD values of blood
due to inflow of unsaturated blood, 1n comparison to the
values observed 1n the absence of intflow, extends the ranges
of R1, R2 and PD values of predetermined characteristics of
blood. Simultaneously this also allows for the creation of a
dynamic MRA 1mage. For example, firstly all blood vessels
may be segmented 1n the MRA 1mage, but then the seg-
mented MRA 1image may be masked by using the known R1,
R2 and PD values for the blood of the early inflow arteries,
such that only the early inflow arteries are visualised.
Subsequently, the segmented MRA 1mage may be masked
by using the known R1, R2 and PD values for the blood of
the later intlow arteries, and for the blood of the veins, such
that only the late inflow arteries and the veins are visualised,
respectively. That 1s, by changing the R1, R2 and PD values
for masking, 1t 1s possible to show the dynamic blood
behaviour based on a single MR A image, without the use of
contrast agents.

R1 and R2 values of each voxel of a plurality of voxels
representing the portion, may be calculated, wherein each
voxel of the plurality of voxels corresponds to a volume of
the portion. By comparing the R1 and R2 values of each
voxel with the known R1 and R2 wvalues of blood, a first
group ol voxels of the plurality of voxels representing the
identified blood vessels may be selected.

That 1s, the voxel having the R1 and R2 values being
equal to the known R1 and R2 values of blood, or falling
within the known ranges of R1 and R2 values of blood, 1s
identified as a voxel representing blood in the imaged
portion. Consequently, the voxel having the R1 and R2
values being different from the known R1 and R2 values of
blood, or falling outside the known ranges of R1 and R2
values of blood, 1s 1dentified as a voxel representing non-
blood tissues 1n the 1maged portion

Then, based on the known R1 and R2 values of blood, 1t
1s possible to identily the blood vessels of the portion by
identifying the blood of the portion.

Additionally, or 1n combination, based on the known R1
and R2 values of blood of arteries, of blood of early intlow
arteries, of blood of late inflow arteries,
veins, the arteries, the early inflow arteries, the late inflow
arteries, and the veins, may be respectively identified.

The quantification values for each voxel, including the
R1, R2 and even PD, may be calculated i diil

erent known
ways. For example, the R1 and R2 values may be calculated
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by generating R1 and R2 maps, respectively. When the
quantification values comprise additional parameters, e.g., a
PD value, additional maps, ¢.g., a PD map, may be gener-
ated. The R1, R2 and PD maps describe the signal behaviour
of the multi-contrast images resulted from the multi-contrast
MR sequence.

At least two multi-contrast images are needed for gener-
ating each of the above-mentioned maps. Thus, a plurality of
multi-contrast images 1s needed to generate the R1, R2 and
PD maps. It 1s common that a MR scanner may perform an
acquisition and result 1in a plurality of 1mages with different
contrasts. Thus, the step of acquiring the multi-contrast MR
sequence and the step of generating the plurality of multi-
contrast images may be one step instead of two.

Alternatively, 1t 1s possible to recognise blood directly
from the raw data, 1.e. the multi-contrast MR sequence,
without analysing the plurality of multi-contrast 1mages.
That 1s, the i1dentification of the blood may be performed
without calculating on the R1, R2 values of the voxels.

It 1s known that the acquired multi-contrast MR sequence
has already defined the characteristics of different tissues,
including the blood, 1 terms of signal behaviours of the
plurality of multi-contrast 1mages, e.g., signal intensities in
the 1images. For example, one tissue may have a higher
signal intensity (bright) in one image, and it may have a
lower signal intensity (dark) in another image. The quanti-
fication information, e.g., R1, R2 and PD, 1s merely an
objective description of the signal behaviours in the 1mages.
Therefore, 1t 1s not necessary to generate the plurality of
multi-contrast images and calculate the quantification values
for identifying the blood vessels of the portion, as the
multi-contrast MR sequence itself simply comprises all the
information of the plurality of multi-contrast images. Thus,
the predetermined characteristic of blood may comprise: a
representation of a signal intensity of blood.

The term “intensity”, also known as “signal intensity”, in
the field of MR refers to a shade of grey of a tissue or of a
voxel representing the tissue in an MRI image. Generally, a
high intensity means 1t would look “white” in the MRI
image, an intermediate intensity means 1t would look “grey”™
in the MRI 1image, and a low 1ntensity means 1t would look
“black” 1n the MRI 1mage.

Based on the expected signal intensity of blood, 1t 1s
possible to select the part of the multi-contrast MR sequence
representing the identified blood vessels directly, without
analysing the multi-contrast images.

Based on the expected signal intensity of blood of the
arteries, of blood of the early intlow arteries, of blood of the
late 1ntlow arteries, and of blood of the veins, 1t 1s possible
to select the part of the multi-contrast MR sequence repre-
senting the blood of arteries, the blood of the early inflow
arteries, the blood of the late inflow arteries, and the blood
of the veins, respectively.

After identifying either voxels representing a part of the
blood vessels, or a part of the multi-contrast MR sequence
representing the part of the blood vessels, an MRA 1mage
frame for visualising the part of the blood vessels of the
imaged portion may be generated by known methods.

The 1dentified blood and/or blood vessels can be seg-
mented from the surrounding tissues to generate an MRA
image Irame depicting mainly the i1dentified blood and/or
blood vessels.

Image segmentation 1s known as a process of partitioning,
a digital image 1into multiple segments (e.g., sets of pixels or
voxels). A goal of the image segmentation 1s to simplily the
representation of an image such that it becomes more
meaningtul and/or easier to analyse.
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Alternatively, or in combination, the MRA 1mage frame
can be generated by a masking step. Masking technique is
known for separating a part of an 1image from 1ts surround-
ings in the image based on certain critera.

The masking step may comprise creating a mask which
covers a part of the image based on the criteria, and treating
this part and 1ts surroundings i1n the 1mage differently.

For example, the values of the relaxation rates R1 and R2
can be used as criteria to separate the first part of the
identified blood vessels from 1ts surrounding tissues. Then
the selected second group of voxels may be “masked” and
treated differently from other voxels.

The masked voxels and the unmasked voxels can be
treated differently in different ways, such as changing the
brightness and/or the colour of the voxels. For example, the
MRA image frame may be generated by keeping the bright-
ness of the masked voxels unchanged, while suppressing the
brightness of the other voxels. Alternatively, the MR A 1mage
frame may be generated by increasing the brightness of the
masked voxels, while keeping the brightness of the other
voxels unchanged.

Different MRA 1mage frames for respectively visualising
different parts of the blood vessels of the imaged portion,
¢.g., the arteries, the early inflow arteries, the late intlow
arteries, and the veins, may be generated.

The dynamic MRA 1mage may be generated based on a
plurality of MRA image frames in different ways. In order
to generate a dynamic MRA image, a minimum number of
the MRA 1mage frames 1s two. A lager number of MRA
image Iframes can better visualise the dynamic characters of
the blood flow. For example, a serial of MRA 1mage frames
cach covering a small part of the 1dentified blood vessels
may be generated. The visualisation of the dynamic blood
flow may be achieved by displaying a rapid succession of the
serial of MRA 1mage frames. By consecutively displaying
the serial of MRA 1mage frames, the dynamic MRA 1mage
may appear as a dynamic image, or as a short video clip, to
visualise the dynamic blood flow within the 1dentified blood
vessels. This may facilitate the analysis of the blood vessels.

Each voxel of the plurality of voxels may have an
intensity value. The method may comprise a step of calcu-
lating a perfusion value by summing the intensity value of
cach voxel of the voxels representing the 1dentified blood or
blood vessels.

A perfusion 1s known as a delivery of blood to a capillary
system 1n a tissue. The perfusion 1s normally measured as a
rate at which the blood 1s delivered to the tissue at a unit of
m>/(s-'kg). Thus, the perfusion is important for assessing a
patient’s condition, e.g., 1n case of strokes, plaques or vessel
constrictions.

The sum of the intensities of the voxels representing the
identified blood vessels 1s proportional to a total amount of
blood that entered the imaged portion during acquisition.
Thus, the sum of the intensities, 1.e. the calculated perfusion
value, may be considered as a measure for perfusion of the
patient. The higher the calculated perfusion value, the higher
the perfusion. The lower the calculated perfusion value, the
lower the perfusion.

It 1s advantageous to provide an estimation of the perfu-
sion based on the multi-contrast MR sequence.

The method may comprise steps of calculating a first sum
by summing intensity values of voxels of the plurality of
voxels representing the first part of the identified blood
vessels; calculating a second sum by summing intensity
values of voxels of the plurality of voxels representing the
second part of the 1dentified blood vessels; and calculating
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a rate of change of the first sum and second sum as a measure
of a mean transit time of blood through the portion of the
body.

Mean Transit Time (MU) of blood 1s known as an average
time, normally 1n seconds, that the blood spends within a
determinate volume of capillary circulation.

Since the sum of the intensities of a part of the 1dentified
blood vessels 1s proportional to a total amount of blood that
entered this part, a rate of change of the sums over the
different parts of the blood vessels may indicate how fast the
blood enters and/or leaves the imaged portion. Thus, the rate
ol change of the sums may be considered to be proportional
to the mean transit time. The faster the sum increases, the
shorter the mean transit time. The slower the sum increases,
the longer the mean transit time.

It 1s advantageous to provide an estimation of the mean
transit time based on the multi-contrast MR sequence.

In connection with FIGS. 2a-6¢, diflerent examples of
dynamic MRA images will be discussed in more detail.

In the examples of FIGS. 2a-6¢, the identified blood
vessels or a part of the identified blood vessels are visualised
by a Maximum Intensity Projection, MIP.

MIP 1s a method for visualising 3D data that projects 1n
a visualisation plane the voxels with a maximum intensity.
In other words, the MIP projection lines are projected over
a plane through a portion of a body, and the maximum
intensity of each projection line 1s 1dentified and visualised.

Alternatively, Minimum Intensity Projection (MinlP) 1s a
method for visualising 3D data that projects 1 a visualisa-
tion plane the voxels with a mimimum intensity. Conse-
quently, MinIP imaging can visualise structures with a low
intensity 1n an 1imaged volume. In other words, the MinlP
projection lines are projected over a plane through a portion
of a body, and the minimum intensity of each projection line
1s 1dentified and visualised. MinlP 1imaging 1s commonly
used to diagnose lung related diseases.

For example, MIP or MinlP projection lines may be
projected over an axial plane through a portion of a body,
and the maximum intensity of each projection line 1s 1den-
tified and visualised. An array of maximum or minimum
values forms one row 1n a sagittal image. After repeating the
procedure for all rows, the final sagittal 1mage may be
constructed. That 1s, the maximum or minimum intensities
form the final sagittal image of the imaged portion.

Even though an MRA 1mage may visualise 3D slices that
contain the entire identified blood vessels of interest, it 1s
more common to display the 3D information on a 2D
display, such as a computer momtor, by MIP or MinlP
imaging. A 2D image of a selected volume may be generated
where each pixel is represented by displaying the maximum
or minimum intensity in each voxel.

By MIP mmaging, the resulting MRA images resemble
conventional catheter angiography images. That 1s, the 1den-
tified blood vessels look brighter (e.g., in white colour) and
other tissues look darker (e.g., in black colour) in the
resulted MRA 1mage.

By MinIP imaging, the resulting MRA 1mages appear as
reversed 1mages of the resulting MRA images. That 1s, the
identified blood vessels look darker (e.g., 1n black colour),
and other tissues look brighter (e.g., in white colour) 1n the
resulted MRA 1mage.

A sagittal plane, also known as a longitudinal plane, 1s an
anatomical plane which divides the body or a portion of the
body into right and leit parts. For example, the sagittal plane
may be in the centre of the body and split 1t into two equal
halves, or away from the midline and split 1t into two
unequal parts (para-sagittal).
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Alternatively, or 1n combination, animations can be ren-
dered by several MR A 1image frames 1n which the viewpoint
1s slightly different from one to the other, thus creating the
1llusion of rotation of the 1maged object. This may facilitate
the viewer to find the relative 3D positions of the object
components. All of the method steps and examples 1n the
application using MIP can be analogously implemented by
using MinlP instead.

FIGS. 2a-2¢ are a set of three MRA 1mage frames of a
dynamic MRA mmage. In FIGS. 2a-2¢, the MIP projection
lines are set to project from front leit to back right of the
imaged head and neck, creating a view from front left of the
head.

The dynamic MRA image illustrating the MRA image
frames of FIGS. 2a-2¢ may render a dynamic representation
of an acquired multi-contrast MR sequence of a head and
neck portion of a patient.

FI1G. 2a 1llustrates a first MRA 1mage frame visualising a
first part of the blood vessels of the 1imaged portion. Here,
the first part 1s the early inflow arteries, which are mainly the
carotids 1n the neck.

FI1G. 2b 1llustrates a second MRA image frame visualising,
a second part of the blood vessels of the imaged portion.
Here, the second part 1s the entire artery area, which include
both the carotids 1n the neck and the circle of Willis 1n the
head.

FIG. 2c¢ illustrates a third MRA 1mage frame visualising
a third part of the blood vessels of the imaged portion. Here,
the third part 1s all segmented vessels of the neck and the
head, including both arteries and veins.

The dynamic MRA 1mage of FIGS. 2a-2¢ can visualise a
dynamic blood flow, in bright colours, from the blood
entering the carotids of the neck, then flowing through the
circle of Willis into the entire head, and finally flowing back
via the returning veins.

The dynamic MRA image may be constructed based on
these three MRA 1mage frames of FIGS. 2a-2¢ by known
techniques. For example, the dynamic MRA 1mage may be
generated by consecutively displaying these three MRA
image frames of FIGS. 2a-2c.

There are different ways to realise MIP imaging. Instead
ol projecting MIP projecting lines over the entire 1maged
portion as for FIGS. 2a-2¢, 1t 1s possible to projecting MIP
projecting lines over one or a few slices of the 1maged
portion.

Alternatively, the set of three MRA image frames of
FIGS. 2a-2¢ may be visualised by MinIP imaging. Such
MRA 1mage frames would look like reverse images of FIGS.
2a-2c¢. That 1s, the dynamic MRA 1mage would visualise a
dynamic blood flow, 1n dark colours, from the blood entering
the carotids of the neck, then flowing through the circle of
Willis 1nto the entire head, and finally flowing back via the
returning veins.

FIGS. 3a-3¢ and FIGS. 4a-4¢ are two sets of MRA 1mage
frames of two dynamic MRA images, of a same multi-
contrast MR sequence of a head and neck portion of a
patient.

In the examples of FIGS. 3a-3¢ and FIGS. 4a-4¢, MIP
imaging are performed for seven neighbouring sagittal slices
of a neck and a head, i order to provide seven different
views ol the same imaged portion from seven slightly
different viewpoints.

For FIGS. 3a-3¢, the MIP projection lines are projected
over an axial plane through the centre of the head. For FIGS.
da-4c, the MIP projection lines are projected over an axial
plane 4 cm off-centre of the head. Thus, the viewpoints of
these two dynamic MRA images are slightly different.
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FIG. 3a and FIG. 4aq illustrate MRA 1mage frames visu-
alising a first part of the blood vessels of the 1maged portion.
Here, the first part 1s the early inflow arteries, which are

mainly the carotids 1n the neck.
FIG. 356 and FIG. 45 1llustrate MRA 1mage frames visu-
alising a second part of the blood vessels of the imaged

portion. Here, the second part 1s the entire artery area, which
include both the carotids 1n the neck and the circle of Willis
in the head.

FIG. 3¢ and FIG. 4c¢ illustrate MRA 1mage frames visu-
alising a third part of the blood vessels of the imaged
portion. Here, the third part 1s all segmented vessels of the
neck and the head, including both arteries and veins.

Besides the viewpoints, the examples of FIGS. 3a-3¢ and
FIGS. 4a-4¢ differ from the examples of FIGS. 2a-2¢ 1n that
the voxels representing the visualised first, second and third
part of the blood vessels 1n FIGS. 3a-3¢ and FIGS. 4a-4c,

respectively, are displayed with an increased brightness.
That 1s, the second part 1n FIG. 35 1s brighter than the first
part in FIG. 34, and the third part in FIG. 3¢ 1s brighter than
the second part in FIG. 3b5. The dynamic features of the
blood may be visualised as a transition of brightness.

Alternatively, or 1n combination, the different parts of the
blood vessels may be displayed in different colours, such
that the dynamic features of blood may be visualised as a
transition of colours. For example, all the arteries can be
coloured red, all the veins can be coloured blue.

The dynamic MRA mmages of FIGS. 3a-3¢ and FIGS.
da-4¢ may respectively visualise a dynamic blood flow, 1n
bright colours, from the blood entering the carotids of the
neck, then flowing through the circle of Willis into the entire
head, and finally flowing back via the returning veins.
However, the dynamic MRA 1mages of FIGS. 3a-3¢ and
FIGS. 4a-4¢ may visualise the dynamic blood flow from two
different viewpoints, in order to facilitate the analysis.

Alternatively, the examples of FIGS. 3a-3¢ and FIGS.
da-4c¢ may be visualised by MinIP imaging. Such MRA
image frames would look like reverse images of FIGS. 3a-3¢
and FIGS. 4a-4¢. That 1s, the dynamic MRA 1mage would
visualise a dynamic blood flow, 1n dark colours, from the
blood entering the carotids of the neck, then flowing through
the circle of Willis 1nto the entire head, and finally flowing
back via the returning veins. There are different ways to
visualising MRA 1mages. In the examples of FIGS. 5a-6¢, a
method different from the examples of FIGS. 2a-4¢ will be
discussed 1n more detail.

FIGS. 5a-5¢ and FIGS. 6a-6¢ are two sets of MRA 1mage
frames of two dynamic MRA images, of a same multi-
contrast MR sequence of a head and neck portion of a

patient.
Similar to the examples of FIGS. 3a-3¢ and FIGS. 4a-4c,

MIP mmaging in the example of FIGS. 5a-5¢ and FIGS.
6a-6¢ are performed for seven neighbouring sagittal slices of
a neck and a head, 1n order to provide seven diflerent views
of the same 1maged portion from seven slightly difierent
viewpoints. For FIGS. Sa-5¢, the MIP projection lines are
projected over an axial plane through the centre of the head.
For FIGS. 6a-6¢, the MIP projection lines are projected over
an axial plane 4 cm ofl-centre of the head. Thus, the
viewpoints of these two dynamic MRA 1mages of 3a-5¢ and
FIGS. 6a-6¢ are slightly diflerent.The examples of FIGS.
2a-4¢ are similar to conventional catheter angiography
images. That 1s, the identified blood vessels look brighter
(e.g., 1n white colour) and other tissues look darker (e.g., 1n
black colour) 1n the MR A 1images. However, the examples of

FIGS. 5a-5¢ and FIGS. 6a-6¢ are provided with a static
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background image illustrating the whole 1maged portion, 1.¢.
the head and the neck in the examples of FIGS. 5a-5¢ and
FIGS. 6a-6c¢.

In FIGS. 3a-5¢ and FIGS. 6a-6c, the static background
image 1s a synthetic T1 weighted (T1W) image. The static
background 1mage may also be a synthetic T2 relaxation
time weighted, T2W, a PD weighted 1mage, or any other
types of synthetic MR 1mages 1illustrating the imaged por-
tion.

The synthetic MR 1mage (static background 1mage) may
be generated based on the multi-contrast MR sequence. For
example, the synthetic MR 1mage may be generated based
on the R1, R2 and PD values of the voxels. The concept of
synthetic MR 1maging 1s well-known 1n the field, see e.g.
“Cerebral Magnetic Resonance Image Synthesis”, Bobman
et al. Am J NeuroRadiol 1985; 6:265-269.

FIG. 5a and FIG. 6q 1llustrate MRA 1mage frames visu-
alising a first part of the blood vessels of the 1maged portion.
Here, the first part 1s the early inflow arteries, which are
mainly the carotids in the neck.

FIG. 56 and FIG. 656 illustrate MRA 1mage frames visu-
alising a second part of the blood vessels of the imaged
portion. Here, the second part 1s the entire artery area, which
include both the carotids 1n the neck and the circle of Willis
in the head.

FIG. 5¢ and FIG. 6c¢ 1illustrate MRA 1mage frames visu-
alising a third part of the blood vessels of the imaged
portion. Here, the third part 1s all segmented vessels of the
neck and the head, including both arteries and veins.

In the examples of FIGS. 5a-5¢ and FIGS. 6a-6c¢, the
visualised part of the blood vessels 1s “subtracted” from the
static background image. That 1s, different from those
“bright” blood vessels 1n FIGS. 2a-4¢, the visualized blood
vessels are “dark™ in FIGS. Sa-6c.

For example, the dynamic MRA 1mages in the examples
of FIGS. 2a-2¢, may be “subtracted” from a background
image generated based on the same multi-contrast MR
sequence used for generating the dynamic MRA 1mages.
This may result in three MRA 1mage frames having the
blood vessels 1n dark colours within the whole 1maged
portion 1n bright colours.

“Subtracting” one 1mage from another image may be
performed 1n different ways. For example, 1t may refer to
subtracting each voxel of one image from its corresponding
voxel of another image. “Subtracting”™ a first voxel from a
second voxel may refer to subtracting a signal intensity of
the first voxel from the signal mtensity of the second voxel.

The MRA 1mages frames of FIGS. 5a-5¢ and FIGS. 6a-6¢
look alike 1images produced during Susceptibility Weighted
Imaging (SWI). For SWI a single T1W 1mage 1s acquired
where all blood vessels are dark. The contrast 1n this image
1s enhanced by multiplication of the associated phase image
and making a Minimum Intensity Projection over a limited
number of neighbouring slices. However, 1t 1s impossible to
visualise dynamic behaviours of the blood by SWI.

The voxels representing the visualised first, second and
third part of the blood vessels in FIGS. Sa-5¢ and FIGS.
6a-6¢, respectively, are displayed with a reduced brightness.
That 1s, the second part in FIG. 55 1s darker than the first part
in FIG. 5a, and the third part in FIG. 5¢ 1s brighter than the
second part in FIG. 5b. The dynamic features of the blood
may be visualised as a transition ol darkness, 1.e. the
visualised blood vessels are getting darker and darker 1n the
dynamic MRA image.

Instead of “subtracting” the visualised part of the blood
vessels from the static background 1mage, a similar effect of

the examples of FIGS. 5a-5¢ and FIGS. 6a-6¢ can be
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achieved by MinlIP imaging. That 1s, the dynamic MRA
image would visualise a dynamic blood flow, i dark
colours, from the blood entering the carotids of the neck,
then flowing through the circle of Willis into the entire head,
and finally flowing back via the returning veins. Since the
tissues around the blood vessels are visible, analysing the
blood vessels, e.g., the size and the relative position, may be
facilitated. The different parts of the blood vessels of the
different MRA 1mage frames may be at least partially
overlapping. Alternatively, they may be not overlapping at

all.

The mmaged portion used in the examples comprises a
head and/or a neck. However, the imaged portion may
comprise different portions of a human or an animal, e.g., a
heart, a chest, an abdomen, a pelvis, even the whole body.

The mvention claimed 1s:
1. A dynamic magnetic resonance angiography, MRA,
method, comprising:
acquiring, by an MR scanning device, a multi-contrast
magnetic resonance, MR, sequence of a portion of a
body, through a single multi-contrast MR acquisition,
without administering a contrast agent to the body;
wherein the multi-contract MR sequence comprises quan-
tification information of the portion;
wherein the quantification information of the portion
comprises a longitudinal relaxation rate R1, and a
transverse relaxation rate R2;
identifying, by a processing circuit, blood vessels of the
portion by 1dentitying blood of the portion by compar-
ing predetermined characteristic of blood with the
quantification information of the portion;
wherein the predetermined characteristic of blood com-
prises: a value of a longitudinal relaxation rate R1 of
blood, and a value of a transverse relaxation rate R2 of
blood;
generating, by the processing circuit, a first MRA 1mage
frame and a second MRA 1mage frame, based on the
multi-contrast MR sequence, respectively visualising a
first part and a second part of the identified blood
vessels:
generating, by the processing circuit, a dynamic MRA
image for visualising a dynamic blood tlow through a
part of the portion, based on the first and second MRA
image frame;
generating a plurality ol multi-contrast images based on
the multi-contrast MR sequence; and
identifying the blood vessels of the portion by 1dentiiying
the blood of the portion based on the predetermined
characteristic of blood and the plurality of multi-con-
trast 1mages.,
wherein the step of 1dentifying blood vessels comprises:
calculating quantification values of each voxel of a plu-
rality of voxels representing the portion, based on the
plurality of multi-contrast images;
wherein each voxel of the plurality of voxels corresponds
to a volume of the portion, and
wherein the quantification values comprise: a value of a
longitudinal relaxation rate R1 and a value of a trans-
verse relaxation rate R2;
selecting a first group of voxels of the plurality of voxels
representing the identified blood vessels, by comparing
the quantification values of each voxel with the prede-
termined characteristic of blood.
2. The method of claim 1, wherein the step of generating,
a first MRA 1mage frame comprises:
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determining a first group of values corresponding to the
first part of the 1dentified blood vessel to be visualised
in the first MRA 1mage frame,

wherein the first group of values comprise a value of

longitudinal relaxation rate R1 and a value of trans-
verse relaxation rate R2;

selecting a second group of voxels of the plurality of

voxels representing the first part of the identified blood
vessel by comparing the quantification values of each
voxel with the first groups of values;

generating the first MR A 1image frame visualising the first

part of the 1identified blood vessels, based on the second
group ol voxels.

3. The method of claim 1, wherein the quantification
information of the portion comprises a Proton Density, PD;

wherein the predetermined characteristic of blood com-

prises: a value of a PD of blood.

4. The method of claim 3, wherein the quantification
values of each voxel comprise: a value of a PD.

5. The method of claim 4, wheremn the first group of
values comprise: a value of a PD.

6. The method of claim 1, wherein the step of identifying
blood vessels comprises:

selecting a part of the multi-contrast MR sequence rep-

resenting the identified blood vessels, based on the
predetermined characteristic of blood;

wherein the predetermined characteristic of blood com-

prises: a representation of a signal intensity of blood.

7. The method of claim 6, wherein the step of generating,
a first MRA 1mage frame comprises:

selecting a first group of data of the selected part of the

multi-contrast MR sequence corresponding to the first
part of the 1dentified blood vessel;

generating the first MR A 1image frame visualising the first

part of the idenftified blood vessels, based on the
multi-contrast MR sequence and the first group of data.

8. The method of claim 1, wherein the step of generating
a first and a second MRA 1mage frame comprises:

Visualising the first MRA 1mage frame and the second

MRA 1mage frame, by a Maximum Intensity Projec-
tion, MIP.
9. The method of claim 8, wherein the step of generating,
a first and a second MRA 1mage frame comprises:
generating a synthetic MR 1mage representing the portion
based on the multi-contrast MR sequence, as a static
background image of the dynamic MRA image;

generating the dynamlc MRA 1mage based on the first, the
second MRA 1mage frame, and the synthetic MR
image.

10. The method of claim 1, wherein the first part and the
second part of the identified blood vessels are:

at least partially overlapping, or

nonoverlapping.

11. The method of claim 1, wherein the first part of the
identified blood vessels comprises early inflow arteries of
the identified blood vessels, and

the second part of the identified blood vessels comprises

late inflow arteries of the identified blood vessels.

12. The method of claim 1, wherein the first part of the
identified blood vessels comprises arteries of the identified
blood vessels.

13. The method of claim 12, wherein the second part of
the i1denftified blood vessels comprises all the identified
blood vessels, or veins of the i1dentified blood vessels.

14. The method of claim 1, wherein the dynamic MRA
image consecutively displays the first and second MRA
image frame.
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15. The method of claim 14, wherein at least a first portion
of the first MRA 1mage frame and a second portion of the
second MRA 1mage frame are displayed in different colours

or different brightnesses.

16. The method of claim 1, further comprising;:
generating at least a third MRA 1mage frame visualising
at least a third part of the identified blood vessels;
generating the dynamic MRA 1mage based on the first,

second and at least the third MRA 1mage frame,
wherein the first part, second part and at least the third part

of the i1dentified blood vessels are:

at least partially overlapping, or

nonoverlapping.
17. The method of claim 1, wherein the value of the

longitudinal relaxation rate R1 of blood 1s in a range of
0.4-0.6 s™': and
the value of transverse relaxation rate R2 of blood 1s in a

range of 20-30 s™°.

18. The method of claim 1, wherein the portion of the
body comprises a head and/or a neck.

19. The method of claim 1, wherein each voxel of the
plurality of voxels has an intensity value,

wherein the method further comprises:

calculating a perfusion value by summing the intensity

value of each voxel of the first group of voxels.

20. The method of claim 1, wherein each voxel of the
plurality of voxels has an intensity value,

wherein the method further comprises:

calculating a first sum by summing intensity values of

voxels of the plurality of voxels representing the first
part of the 1dentified blood vessels;

calculating a second sum by summing intensity values of

voxels of the plurality of voxels representing the sec-
ond part of the identified blood vessels;

calculating a rate of change of the first sum and second

sum as a measure ol a mean transit time of blood
through the portion of the body.

21. The method of claim 1, wherein the step of generating,
a first and a second MRA 1mage frame comprises:

visualising the first MRA i1mage frame and the second

MRA 1mage frame, by a Minimum Intensity Projection,
MinlIP.

22. A non-transitory computer readable recording medium
having computer readable program code recorded thereon
which when executed on a device having processing capa-
bility 1s configured to perform the method of claim 1.

23. A dynamic magnetic resonance angiography, MRA,
system, comprising:

an MR scanning device configured to:

acquire a multi-contrast magnetic resonance, MR,
sequence of a portion of a body, through a single
multi-contrast MR acquisition;

wherein the multi-contrast MR sequence comprises
quantification information of the portion;

wherein the quantification information of the portion
comprises a longitudinal relaxation rate R1, and a
transverse relaxation rate R2;

a processing circuit configured to:

identily blood vessels of the portion by identifying
blood of the portion by comparing predetermined
characteristic of blood with the quantification infor-
mation of the portion;

wherein the predetermined characteristic of blood com-
prises: a value of a longitudinal relaxation rate R1 of
blood, and a value of a transverse relaxation rate R2

of blood:
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generate a first MRA 1mage frame and a second MRA
image frame, based on the multi-contrast MR sequence,
respectively visualising a first part and a second part of
the 1dentified blood vessels;

generate a dynamic MR A 1mage for visualising a dynamic 5
blood flow through a part of the portion, based on the
first and second MRA 1mage frame;

generate a plurality of multi-contrast images based on the
multi-contrast MR sequence; and

identify the blood vessels of the portion by identifying the 10
blood of the portion based on the predetermined char-
acteristic of blood and the plurality of multi-contrast
1mages,

wherein the processing circuit 1s further configured to:

calculate quantification values of each voxel of a plurality 15
ol voxels representing the portion, based on the plu-
rality of multi-contrast 1images;

wherein each voxel of the plurality of voxels corresponds
to a volume of the portion, and wherein the quantifi-
cation values comprise: a value of a longitudinal relax- 20
ation rate R1 and a value of a transverse relaxation rate
R2: and

select a first group of voxels of the plurality of voxels
representing the identified blood vessels, by comparing
the quantification values of each voxel with the prede- 25
termined characteristic of blood.

24. The system as claimed 1n claim 23, further compris-

ng:

a user mterface configured to display the dynamic MRA

image. 30
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